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AN ORTHOPAEDIC JODW PROSTHESIS 



Tbis invention relatcs»^ortu^cJ<»:«pro^-i.«M*«»-<^ 

^.Lu and .Wd« joint Joint replacement genefUy involves ^of^ 
^.«..of.he.tUco.a.ing bones Of joint. «^-P'-»«-'»»f'«^ 
in cacdi of tiie anlculating bones. 

Uis in,«».««th«^of the con-ponents of ..artfici- Joi« is 
de^nscsngivcnsetcadv^sephysiologioalteacdons. -n-e sclecdon rfth. m««.l. 
^3,in.«lponcn..isn«dcinsuch.™.,,l«v-xi,n.»i»i-a.-^-"-e»»^ 

. ^ - 1 ^♦i^r. ^ weflT debris as is created is minixnisecL 
the physiological reaction to sucn wear QBuri^ « 

I, U connnon to a joint prosftesis eon,«se components «hose mating atticula^ 

.^compriseame.aland.polymerresp-^ivelyC-me.al^pol^.^jota')- 
ex»npl..thebe..in,su,<^ononcof,he«»=,K.„»».=^tc<»>pri.eacobd^^ 

s«el-based dloy a-d tto oorreaponding l-»i.g ««&ce on the other component might 
.,,™ri«,.U^moUenl.r»«shtpoI,e.hylene.Thesnrfa^ 

e^so*«th«r.«smoo<h. Da.ingaitieuWionof*eJoIn^thepol3m«riccampo.«« 
is sohiect to gradual v«ar, foiming line paitteta of the polymer. 

At.emp.sbayebeanm«leto«»mjoh«,«sa..sesin^chho,hofth.artienl^ 

.„rf^«m«.»&c.«ed*omme.ala(a-me.alK«.-me.al- joint). Even««l,ocrfln. 
finishingtoproduc.«noo.hb.a.ing.^v«»tosnchpros.h..e,c-nm.be«<^ 

mv^ar inevitably gives rise to the fotkuaion.fme«d particle. Tl-me^ 
^ultmg ftom the »ear .cod ,h««.eh- to h». .b^aiv. pn.peett«. » t^m 

t^*.»«ic„l«ingaur^..h=ycangiveri,e«.fath««=ar.Fm.h«n«n^ 
of 0« »imib» h«»toesses of the two articnladng s«.S»« (b««« bo* am *n»«d 

^).,he«e.r.endsto«toplaceonbo.hsn.ftces. AHhough .he volume ma 

.. • 1 .,t..ni«.meod-o.«>olymeri»osaiesi«..hBm«taUK««ar 
nietal-onnnetal prosthesis are leas aim meinetai on poyio r- 



Received 08-Sep-98 02:S3pn 



FfOHinS 243 044t 



lo-TK PAIHIT OFf(eE Pm» OS 



'2- 

particles are veiy smaU (for example about 100 nm) and consequently high in number. The 
physiological effects of metal wear paiticles are not fully understood. Hower. there 
clearly remains a desire to reduce the volume and nmnber of wear particles further 
conqiared with some existing systems. 

-me present invention provides an orthopaedic joint prosthesis in which the material of one 
of thcbearmg SUlftces comprises amct«Uic material and the material of the othexbeaxmg 
suifecc comprises a ceramic material. 

Accordingly, in one aspect, the invention provides an orthopaedic joint prosthesis which 
comprises first and second articulating components having respective bearing surfaces m 
contact with one another, the material of the first bearing surfecc compri^ng a metalhc 
i^al and the material of the second bearing surfece comprising a ceramic material. 



The use of bearing surfaces formed from metallic and cerandc materials gives rise to 
significant advantages. The materials allow the fomiation of very smooth bearing surfaces 
vdth very accurately controlled geometry so that the surfeces can be accurately matched. 
Materials of the two surfeces can be selected with hardnesses that are greater than those in 
other joint systems so that the tendency for them to wear during articulation is reduced, and 
with a differential hardness wHch can ensure that one of the surfeces is generally able to 

rexnain smooth during arUculation. ms m turn can result fa. low wear of opposite 
sur&cc. 

Preferably, the ceramic material of the second bearing surface is harder Aan the metallic 
material of the first bearing surface. For example, it can be preferred for the rario of the 
hardness of the ceramic material of the second bearing suifecc to that of &c metalhc 
„,atcrial of the first bearing surface to be at least about 2. more preferably at least about 3. 
It can be preferred for the difference between the hardness of the ceramic material of the 
second bearing surfece and that of the metaUic material of the first bearing surfece to be at 
least about 4000 MPa, more preferably at least about 8000 MPa, especially at least about 
10000 MPa. The difference wiU often be not more than about 30000 MPa. for exanq»le not 
„K« than about 20000 MPa or ISOOOMPa. Hardnesses are measured using a technique as 
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disclosed in EiiBmeermg Materials, edited by Ashby and Jones and published by Pergamon 
Piess, Oxford. 

Use of a ceramic material that is sisnificantly harder than the mctalUc material has the 
advantage that the tendency of the ceramic material to wear during articulation is 
minimised- Furthermore, the action of the ceramic surfece against the metalUc suifece can 
tend to polish the metallic suifece, so that further wear of the articulating surfeccs is kept to 

a minim iim^ 

Preferably , the hardness of the ceramic material of the second bearing surface is at least 
about 10000 MPa, more preferably at least about 14000 MPa, for example at least about 
15000 MPa, or at least about 20000 MPa or higher. 

Preferably, the hardness of the metalUc material of the first bearing surface is at least about 
2500 MPa, more preferahly at least about 3500 MPa. The hardness of the metaUic material 
will often be less than about 8000 MPa, especially less than about 7000 MPa, for example 
hi the range 4000 to SOOO MPs. 

The ceramic material will generally comprise a dense, hard, crystalline, non-metallic 
material, especially an inorganic material. A bearing material might be formed by from 
such a material by a process which hidudes, for example, esqjosure to high temperature 
and pressure. Examples of ccnunic materials include hard oxides. Examples of suitable 
hard ojdde materials include aluminium oxide (aluminia) and zirconium oxide (zixconia). 
Zirconium oxide will preferably be used in mixtures with other materials such as one or 
more of aluminium oxide and yttrium oxide. Other ceramic materials uMdude certain 
carbides and nitrides, such as carbides and nitrides of siUcon, aluminium and zirconium. 



Metals -which can be used to form orthopaedic joint prostibeses are known and can be used 
in the joint prosthesis of the present invention. Examples of such metab include cobalt 
duome alloys, titanium alloys, and certain stainless steels. 
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Preferably, the surface roughness of the ceramic bearing sur&ce is noi more than abotxt 
O.OIS |im R^, more preferably not more than about 0.01 )im R^, especially not more than 
about 0.008 ^m for example not more than about 0.005 [im as measured using, 
conventional surface profilometer apparatus. It is an advantage of the use of ceramic 
materials in the joint prosthesis of the present invention that tiiey can conveniently be 
finished with such smooth surface properties by readily accessible surface finishing 
techniques xising commercially available equipment. 

Preferably, the surface roughness of each of the bearing surfaces is not more tiian about 
O.OS |im more preferably not more than about 0.03 (un R„ for example not more than 
about 0.01 ^ R.. 

The joint prosthesis of the present invention can comprise first and second components of 
which one has a genially rounded convex bearing sur&ce» and the other is concave and 
can receive the component with the convex bearing sur&ce within it. Such concave 
components iare sometimes refcircd to as "cup components". Examples of joint prostheses 
with these features include hip and shoulder joint prostheses. In ihany products, the 
rounded bearing surfaces will be substantially spherical, although it will be understood that 
"die surface will generally have the configuration of only a part of a sphere. Preferably, the 
component with the substantially spherical convex bearing surfiice is the secoxxd 
component and has a ceramic bearing surface, the hollow component having a metallic 
bearing surbce. 

When one of Hvs components has a rounded (especially spherical) bearing sur&ce, its 
diameter can be up to 60 mm or more. However, it can be preferred for the diametor to be 
not more than about 40 mro, more preferably not more than aboxrt 35 mm (for example 
about 28 mm), and can be not more than about 20 mm, for example not more than about 
15 mm, and even as low as about 10 mm. It is an advantage of the use of the combination 
of hard materials used in the prosthesis of the present invention, and of their combined 
resistance to wear, diat they allow the bearing surfaces to be created with smaller transverse 
dimensions (diameter in the case of a spherical bearing surface) than has been found to be 
necessary when other bearing surface materials are used. 
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When the bearing surfeces are spherical, it is preferred that their diameters are controUed 
so that variations do not exceed about 0.02 nmi. inore preferably about 0.015 nm^ 
especiaUy about 0.005 mm. In the case of the ceramic component at least, it is possible for 
variations in the diameter to be kept be W about 0.002 mm, for example to about 
0.001 mm. 

An example of a technique vsrhich can be used to provide a component with a bearing 
suifece wMch is spherical and poUshed involves spinning the component about its axis 

against a cylindrical abrading stone, itself spinning around its axis. The component and the 
abrading stone are arranged >vith the angle between their axes about 45 and so that fhfiir 
axes intersect at the centre of the sphere on the component The combined rotation of the 
component and the abrading stone creates a spherical surface provided that tiie circle of 
contact covers both the pole and the equator of the sphere. A final polishing step can be 
included to optimise the surface finish. 

TbB eup component can have ahoUow internal bearing surface with generally spherical 
configuration. It is laiow for such bearing surfaces to have configurations which dev^ 

torn accurate sphericity, and such deviations might be incorporated into the joint 
prosthesis of the present invention. 

The first and second components of the prosthesis of the invention can be made entirely of 
the metaUic and ceramic materials Which provide the bearing surfaces. Frequerfly however 
it will be preferred for the bearing surfi«« materials to provide just a part of Ihe comp- 
onents. For example, in the case of the femoral component of a hip joint prosthesis, the 
spherical head (which is rwysived in the acetabular ciq) component) migjit be formed as a 
soUd block of ceramic material, with a tiered hollow formed in it which can receive a 
tapered pin on the mam body part of the femoral component. The body part, with the stem 
which extends into the medullary cavity of the femur, can be formed from a m«tallic 
material as is known. 

At least one of the components of the prosthesis might be provided witii the bearing 
material provided as a surfece layer. For example, the second component might be formed 
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generaUy from one or more metallic materials, with a surface layer of a ceramic material 
wHch is to provide the bearing surface. The surface layer will preferably be at least about 
0,01 imn, more preferably at least about 0,05 mm, especially at least about 0.1 mm, for 
example at least about 0.5 mm, 1 .0 mm, 1 .5 mm or 2-0 mm or more. It wiU be understood 
that the surface coating of the ceramic material is such that it has to be specifically created 
on the component, iB contrast to surface coatings which are formed by processes such as 
oxidation due to exposure to environmental oxidising agents. 

One or both of the articulating components can be manufactured as separate parts from 
which the components can then be assembled. For example, when the prosthesis is for use 
in a patient's hip, the femoral component can be manufactured as separate stem and head 
pans, with the head providing the bearing surfecc. Sunilarly, the acetabular component can 
be manufactured as sepaiaie sheU and faisert (or liner) parts with the insert providing the 
coirespondms bearing surface. Separate parts of the components can be fixed together 
usmg known techniques, including mechanical fixation techniques (especially relymg on 
frictional forces betwerai corresponding tapered surfaces). 

An embodiment of a joint prosthesis accoiding to ttie present invention i»dll now b^ 
described by vray of example with reference to the accompanying drawiixg. which is a side 
view, partially in section, through the prosthesis. 

Referring to the drawing, which shows a hip joint prosthesis 1 compriang an acetabular 
component 2 and a femoral component 4. The femoral component includes a head 6 ^ch 
has a spherical convex bearing surface. The acetabular component comprises a metal shell 
8 with holes 1 0 extending through it to accommodate screws by which the shell can be 
fastened into a patient's pelvis. 

The acetabular component contains an insert 12 which has a spherical concave bearing 
surface 14. The insert and shell have corresponding tapered surfaces 16 v^iiich male 
together when the msert is inserted into the shell. The insert is held in place within the 
shell by frictional forces between the tapered surfaces. 
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Tlie head 6 of the femoral component is foimed from medical grade alumi^ 
hardness of about 16000 MPa. The surface roughness (RJ of the head is less than about 
0.0 1 |im. The insert is formed from medical grade high carbon cobalt-chrome alloy, with a 
similar surface roughness and a hardness of about 5000 MPa. The diameters of the head of 
the femoral component and the insert axe about 28 mm. with a diametral clearance of 
60 pm. 

A joint prosthesis as described above was compared with a prosthesis in which the head of 
the femoral component was made from a low carbon cobalt-chrome alloy instead of 
aluminato enable comparisons to be made ofrelarive wear rates. The prostheses were 
tested in an appropriate anatomical position in a hip simulator with two axes of motion and 
one aids of loading, as described by Barbour et al in Proc Instu Mech Engnrs, Part H, 
Vol 213 (1999). The articulation and loading patterns were in line witii v^t is described 
by Paul in Pioc Insta Mech Engnrs, Vol 181, Part 3J, pp 8-15 (1967). The prostheses were 
lubricated using bovine serum (25%). The prostheses were tested for 5 million cycles. The 
articulation was interrupted from time to time to collect the lubricant and any wear debris 
for analysis. 

It was found that the wear debris from the ceramic-on-metal prosthesis according to the 
pxesent invention was found to be significantly less Aan from the prosfliesis with metal-on-r 
metal bearing surfeces. The metal-on-metal prosthesis showed a high "bedding-in" wear 
rate .(3-12 ± 0.45 mmVlO* cycles) for about the first million csrclcs. inMch then settled 
down to a lower steady state wear rate (1.56 ± 0.78 mmVlO^ cycles). Very low wear was 
detected on the ceramic-on-metal components, amounting to about 0.0 1 mmVl 0* qrcles 
over the course of the entire 5 million cycle test, although the precise amount of wear could 
not be measured accurately using available weighing apparatus. Furthermore, subsiandally 
aU of the wear debris from the ceramic-on-mctal components was metallic 

The mean sizes of the particles of wear debris were 18 ± 1.37 nm for flie ceramic-on-metal 
components, and 30 ± 2J25 run for flic mctal-on-metal cort^onents. 
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r-T.AIMg : 

1 . An orthopaedic joini prosthesis which comprises first and second articulating 
components having respective bearing surfaces in contact with one another, the material of 
the first bearing surface comprising a metallic material and the material of the second 
bearing suifece comprising a ceramic materiaL 

2. A prosthesis as claimed in claim 1 , in which Hic ceramic nwlerial of the second 
tearing SUifiKW is harder than the metal of the first bearing surfece, 

3. A prosthesis as claimed in claim 2. in which the ratio of liie hardness of the 
ceramic material of the second bearing sinfacc to that of the meial of the first bearing 
surface is at least about 2. 

4. A prosthesis as claimed in claim 3. in which the said hardness ratio is at least 
about 3. 

5. A prosthesis as claimed in claim 2, in vvhich the difference between the hardn^^ 
Qf the ceramic material of the second bearing sudEace and that of the metal of the first 
bearing sur£ace is at least about 4000 MPa. 

6. A prosthesis as claimed in claim 2, in which the difference between the hardness 
of tiie ceramic material of the second bearing surface and that of metal of the first 
bearing surfiace is not more than about 30000 MPa. 

7. A prosthesis as claimed in claim 1, in which the hardness of the ceramic material 
of the second bearing surfiace is at least about 10000 MPa. 

8. A prosthesis as claimed in claim 1, in which the hardness of ttie metal of the first 
bearing surface is at least about 2S00 MPa. 
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9. A prosthesis as claimed in claim 1, in which the ceramic material comprises a 
hard oxide. 

10. A prosthesis as claimed in claim 1 , in which one of die components has a 
substantially convex bearing surface, and the other of the components is concave and can 
receive the component with the convex bearing surface within it. 

11. A prosthe^ as claimed in claim 1 0^ in which the second component has the 
conv» bearing surface and the first component is concave. 

12. A prosthesis as claimed in claim 1 , in which the material of the bearing surface of 
at least one of the components is provided by a surface layer. 

13. A prosthesis as claimed in claim 12, in which the thickness of the surface layer is 
at least about SO )mi. 

14. A prosthesis as claimed in claim 1, in which the surface roughness of each of the 
bearing surfaces is not more than about O.OS ^m. 
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